Biopharmaceutics of a new transdermal fentanyl device.
Compared with conventional routes of delivering potent analgesics to postoperative patients, transdermal administration of fentanyl offers the advantages of simplicity and noninvasive delivery. The only available form of transdermal fentanyl, the Duragesic system, has been implicated in preventable patient deaths when used for postoperative analgesia and is contraindicated in the management of postoperative pain. We examined the biopharmaceutics of a new transdermal fentanyl device developed by Cygnus and intended for use as a postoperative analgesic to see whether the new formulation offers pharmacokinetic advantages that might permit safe use in postoperative patients. We studied 15 consenting male adult surgical patients. Patients received 650 or 750 micrograms intravenous fentanyl as part of the induction of anesthesia. Plasma fentanyl concentrations were measured over the following 24-h period. On the first postoperative day, 24 h after the intravenous dose of fentanyl, a transdermal fentanyl device was placed on the upper torso of the patient for 24 h and then removed. Plasma fentanyl concentrations were measured for 72 h after application of the transdermal fentanyl device. From the concentration versus time profile for the 24 h after intravenous fentanyl administration we determined each patient's clearance and unit disposition function by moment analysis and constrained numeric deconvolution, respectively. From the concentration versus time profile for the 72 h after application of the transdermal device we determined the amount of fentanyl absorbed and the rate of absorption, again by moment analysis and constrained numeric deconvolution. The residual fentanyl in the transdermal fentanyl device was measured, permitting calculation of the absolute bioavailability of transdermally administered fentanyl. Of the 14 subjects who received transdermal fentanyl, 3 had clinically significant fentanyl toxicity, mandating early removal of the device. The range during the plateau from 12 to 24 h in subjects still wearing the device was 0.34-6.75 ng/ml, a 20-fold range in concentration. In subjects wearing the device for 24 h, the terminal half-life of fentanyl after removal of the device was 16 h. The bioavailability of transdermally administered fentanyl was 63 +/- 35% coefficient of variation. The rate of fentanyl absorption from 12-24 h ranged from 10 to 230 micrograms/h in subjects still wearing the device. In two subjects, the rate within the first 6 h briefly exceeded 300 micrograms/h. Both of these subjects demonstrated fentanyl toxicity, requiring early removal of the device. The Cygnus transdermal fentanyl device shows great variability in the rate of fentanyl absorption, resulting in highly variable plasma fentanyl concentrations. Some persons may rapidly absorb fentanyl from the device in the first few hours after application, leading to fentanyl toxicity. The variability in effect of the Cygnus transdermal fentanyl device is appreciably greater than that reported for the currently available Duragesic transdermal fentanyl device, which is contraindicated for postoperative analgesia.